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1}J. ABSTRACT

Broadband data (.02 to 20 Hz) from the University of California Lawrence Livermore
Laboratory four-station seismic array, deployed at close range (less tnea 200 km)
azimuthly about Nevada Test Site (NTS), allow investigation of the body wave-surface
wave discriminant between explosion and earthquakes for small events couiined to NIS,
extending previous results to magnitudes (ML) around 3.5. It is found tkat natural
earthquakes, explosion collapses, and explosion aftershocks all are distiact from
explosions, and that the populations do not seem to converge at the low =szitudes.
Also, for explosions, there is no change in the slope of the P versus Ravieigh wave
amplitude relation over more than three orders of magnitude. Since the noa-explosion
events are shallow, of low magnitude, and of different source types, difierences in
source dimension, focal depth, and focal mechanism appear inadequate to explain the
discriminant at small magnitudes.
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ABSTRACT

Broadband data (.02 to 20 Hz) from the Unlversity of Callfornia
Lawrence Llvermore Latcratory four-station selsmlc array, deployed at
close range (less than 500 km) azimuthally about Nevada Test Site (NTS),
allow Investigation of the body wave-surface wave dlscrimlnant between
explosion and earthquakes for small events confined to NTS, extendlng
previous results to magnitudes (ML) around 3.5. 1t Is found that natural
ear thquakes, exploslon collapses, and exploslon aftershocks all are dis-
tinct from explosions, and that the popu’'atlons do not seem to converge
at the low magnitudss. Alsc, for explosions, there 1s ns hange in the
slope of the Pn versus Rayleigh wave amplltude relation over more than
three orders of magnltude. Slnce the non-explosion events are shallow,

of low magnltude, and of different source types, differences in source

dimenslon, foca! depth, and focal mechanism appear inadequate to explaln

the discrimlnant at small magnltudes.
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INTRODUCT ION

In this paper the broadband data of the University of Caiitornia
Lawrence Livermore Laboratory (LLL) seismic array are used to study P-
waves and Rayieigh waves generated by Nevada Test Site (NTS) events at -
low magnitudes. The study was planned to extend the work of McEviily
and Peppin (1972), which used Berkeley data, to smaller magni tude events,
all on NTS, with azimuthal observations available. Data from 56 events
are analysed as recorded at the four LLL stations deployed around NTS,
both with regard to P-wave and Rayleigh wave amplitudes and with regard
to P-wave spectra. Motivation for the investigation is stfaightforward:
we have in the LLL array an unequalled tool to study the body wave-
surface wave discriminant for NTS at low magnitudes. Further, we would
ilke to consider the applicability of the discrimination results obtained
here to other regions. Toward this end we search for possible peculiari-
ties in NTS earthquakes making them unusually easy to discriminate from

explosions at N7S.

THE iLL SEISMIC NETWORK

The LLL broadband seismic array, in operation since ijate 1968, con-
sists of the four stations shown in Figure 1. Outputs from vertical seis-
mometers operating at natural periods of elther 20 or 30 seconds are
telemetered to Livermore, California and recorded on magnetic tape at
three gain levels with 20 dB separations. Pesponse curves for the LLL
seismometer-tape system at maximum sensitivities are shown in Figure 2 B

along with that of the Berkeley tape sys*em for comparison. In addition,

remotely controiied amplifiers at the seismometer can be varied by 60 dB,
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and are set prior to explosions at levels chosen to produce full scale
recording of these events on the medivm gain channel. Except at times of
explosions, the amplifiers are normally set six dB below the sensitivities
shown in Figure 2. The threshold for measurabls ground motions at rormal
operating gains are about 40 and 5 nanometers (nm, of peak-to-peak ground
dispiacement in the 12 second Rayleigh and short period Pn phases respectively,
a factor of five to ten times smaller than obtained with the Berkeley tape
system., Careful analysis of the curves in Figure 2 wo'.d imply a greater
difference, even at the -6dB level on LLL stations. The discrepancy lies

in a difference of 2 to 4 in dynamic range o the tape systems used.

DATA AND PROCEDURE

The 56 events chosen for this study are all within NTS. An effort

has been made to include the smallest events that have occurred since laic
1968 when the LLL network began operation, but for various reasons not all
are included. As in the previous study, amplitudrs of the Rayleigh wave

and Pn wave were read to obtain their relation (analogous to but not exactly
equiva’ent to the Ms:mb plot commonly constructed at teleseismic distances) .

The long period meaiurement was taken to be the 12 second Rayleigh wave am-
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plitude, taken from a filtered (.02-.1 Hz, 48 db per octave) tape system

playout. The severe filtering was used to suppress the 6 second microseisms,

which on the unfiltered playouts were often within 6 dB of full scale on ;
the high gain channel. The short period measurement was maximum Pn ampli-

tude, hereinafter designated 'PNMAX'', taken from a filtered (.5-5Hz, 24 |

db per octave) playout. For explosions the frequencies measured were 2-4 Hz,

with most near 2.5 Hz, over the entire magnitude range (with important excep-
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tions noted below); for earthquakes and collapses the ranges of frequencies
measured were 2-3 Hz and 0.75-1.5 Hz, respectively. Attempts were mrde to
use other short perlod measurements, for example the first swing of °,
herzinafter designated 'PN1"', and Pg maximum amplitude. For explosions each
of these gave plots with small scatter, but for non-explosions, the Pg '

data were badly scattered, and PNl was not readable for the smallest of these.
PNMAX was selected for comparison with the Raylelgh amplltude because it

gives the least scatter and the phase itself has the most uniform appear-

ance over the wlde range of magnitudes studied.

Events analyzed, with amplltude measui zments, are given In Table 1.
Amplltudes are uncorrected for attenuation and geometrlc spreading as the
variatlon in dlstance Is small (less than 50 km). One unit represents
peak-to-peak ground displacements of about 4 nm and 0.5 nm for the 12 second
Rayleigh wave and 2-4 Hz P, wave , respectlively. Readings consldered upper
bounds due to signal/noise levels are so indicated. Also glven in Table 1
are local magnitudes,M . For all the events above M, = 4.0 these are
based on Wood-Anderson readings at Berkeley. For smaller events, the Berke-
ley M value is based extrapolation of the scale to high gain short perlod

vertical data as routinely done for smell California earthquakes.

Thls study improves upon our previous work (McEvllly and Peppin, 1972)
in a number of respects: (1) the data consist of NTS events enly, so that
source region and propagation path are much less variable; (2) we have azi-
muthal ccverage, so that the irfluence of statlon site, propagation path,
and earthquake focal mechar.ism on the discriminant can be evaluated; (3)

because of higher magnificatlon and closer proxImity to NTS, events nearly

a magnitude unlt smaller can be studied; (4) both measurements are made
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on the same instrument; and (5) each explosion receives optimal recording,

because the sensitivity is adjusted to match the expected slgnal. !

RESULTS

In Figure 3 we present the data taken at Elko, Nevada. Plotted are !
PNMAX versus 12 second Rayleigh amplitude from Tapje 1. in this and the |
three subsequent figures, three categories of non-exploslon events are |
designated. ''Explosion aftershocks'' are events occurring shortly after and
in the viclnity of large NTS explosions, but which are not ''collapses''.
""Collapses'' are distinctive sources, characterized by their relatively emer-
gent, long pericd P arrlvals and phase reversal of surface waves relatlve
to the causative explosion (McEvilly and Peppin, 1972). 'Earthquakes' are
events apparently unrelated to explosions. In Flgures 3-6 the readlngs
from Table 1 considered as upper bounds are so Indicaied. WIth the 1imited
diata of Figure 3, explosions and earthquakes appear separated at the low

magni tude end.

In Figure 4 data from Kanab, Utah are shown. We see clear separaticn
of expiosions from all other events, and parallel population trends. For con-

fld:nt discrimination purposes though, the differences would not be sufficient.

In Figure 5 are shown the Landers, California data. Again we have sep-
aration, but not by a large margin. Event #37, an :xplosion aftershock,
is anomalous at Landers because it plots outside the explosion population
in several other data sets: at three other LLL stations; on tire Berkeley
hroadband system (McEvilly and Peppin, 1973); and in Basham's (197!) study

of NTS aftershocks.

In Figure 6 are the Mina, Nevada data. Here we find deflnitive sep-

aration of explosions from all but one of the other events. The exceptional
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collapse, event #54, is distinct from explosions at the other three LLL
stations and at Berkeley. The Mina arrlvals for thls event are, however,

unmis takably of collapse type in character, despite their numerlcal values.

As in our previous study using BRK data from simllar Instrumentation,
the limitations at the low magnitude end of the data set are different'
for explosions than for the other events. The detection threshold for
useable explosion data Is set by the Rayleigh wave vanishlng into the noise
level below about 40 nm peak-to-peak amplitude (Pn readings could be made
for explosions nearly another orde- of magnitude smaller). Non-explosion
events, however, are limited by disappearance Into background of the Pn
‘1rave at some 5 nm peak-tc-peak amplitude, while the assoclated Rayleigh
waves 3. e still clearly dete..able. Other than analog flltering, no signal

enhancement techniques were applied to the data.

DISCUSS ION

A. The Discriminant at Low Magnitudes

The most important result In the data of Figures 3-6 is the extension
to low magnitudes of the clear separatlon of explosions from other events.
The MIna data sugges: that this separatlon can be extrapolated perhaps a
magnl tude unlt lower than the smallest explosions shown in Flgure 6. For
comparison with prevlous results, we note that the smallest exploslons for
which surface waves can be read in the studies of Savino et al (1971), Basham
et al (1971), and McEvilly and Peppin (1972) are, respectively, of magnltudes

£ 9 ML 5.0, 4.5 and 4.2. These compare with Event #13, of M_ = 3.6 in this study.

Local magnltude was found (McEvilly and Peppin, 1972) to relate to body wave

magnltude (Savino, et al, 1971) as mg :ML - 0.4 at M_ 0 4.0.




B. Possible Causes of the Pp vs. Rayleigh Discriminant

We consider first the possibility of differences in spatial source

dimension causing the discriminant. To this end, we assume, based on the

theories of Haskell (1964), Aki (1967) or Brune (1970) that the far-field

spectra of seismic P-waves can be characterized by a flat section at low
frequencies, extending to a corner frequency, fo, which i¢ proportional
to spatial source dimension, and at higher frequencies a decay rate greater

than inverse frequency squared.

Elementary considerations of the interference effects due to a finite

source would lead to a corner frequency dependence of the form
' o

o
fc L
where C and L are wave velocity at the source and maximum soure dimension
as viewed from the observation point, respectively. The constant of pro-

portionality is unity by simplistic arguments, and 2.34/m for S-waves according

to Brune (1970) or as extended to P-waves by Hanks and Wyss (1972}.

Source dimensions for small magnitude events can be estimated from extra-
polation of data of Tocher (1958), lida (1959) and Press (1967), yielding
a maximum dimension of 0.2 km at M_ = 3.0. Wyss and Brune (1968) predict

a fault length around 1 km at this magnitude.

For the above ranges of dimensions and proportionality constants, and
for C = 5 to 6 km/sec, the minimum value of f. for M_ = 3.0 is estimated as
4 to 30 Hz. 'n the sense of gross spectral characteristic, then, both the
Rayleigh and P, measurements for the smallest earthquakes in this study are

made on the low frequency flat parts of their amplitude spectra.

For explosions, Springer and Hannon (1973) find that explosion-yield
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data are best explained by far-field displacement spectra that are flat from
low frequency to a corner frequency, which, for a source of 5 kilotons in
tuff (M_ Zh.1) occurs around 3 hz. On this basis the Rayleigh and Pp
measurements for the smallest explosions used in this study appear also to

be made on the low frequency flat parts of their spectra.

The argument follows that, since measurements for explosions and earthquakes
at the low magnitude levels are made at frequencies low relative to the fre-
quencies affected by source dimensions, then the existence of a clear dis-
criminant for the smallest events considered precludes source dimension
differences & a major causal factor. Furthermore, the parallel, linear
‘Rayleigh-Pn relations seen for explosions and earthquakes for the range

ML < b to M_ > 6 (McEvilly and Peppin, 1972, also) would Indicate that
source dimension d1fferences do not become a significant factor In the dis-

criminant at larger majnitudes either.

B e | ie—_

Focal mechanism has be:n suggested by several authors (Tsai and Aki, 1971
Douglas et al 1971 a,b) as a cause of the Mg - m, discriminant, essentially
equivalent to the Pn vs Rayleigh discriminant here. In this connection,
we note that Events 35, 36, and 37 are dip-slip earthquakes while Events

30, 31, 33, 40, 41, and 42 are strike-slip and have fault planes whose

strlkes vary by more than twenty degrees (Hamilton, personal communication,
1970; Fischer et vl, 1972; Fischer personal communication, 1973). Yet no
influence on the data of Figures 4-6 can be seen, in spite of considerable
variations in surface wave excitation expected theoretically fiom these
sources. Therefore, focal mechanism appears not to be a dominant factor,

although this point needs further study.

Focal depth differences can hardly be a major factor n the cause of
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the discriminant. Collapse events have hypocenters identical to thelr
. causative exploslons. Moreover, the earthquakes and expioslon after-
i shocks have quite shallow focal depths, 4.6, 4.7, 3.5, 2.1, 2.7, and
1 “ 3.6 km respectively for Events 30, 33, 36, 39, 40 and 43 (Fischer personal
i communications, 1970, 1973, Fischer et al, 1972).

The source time function remains as probably the most signiflcant

causal parameter for the discriminant, in part because of the strong

grounds for eliminating other conterders. This possibility has been

S -

4 suggested recently by a number of authors: Liebermann and Pomeroy (1968),
. Marshall (1970), Savino et al (1971), for example. The close similarity
(apart from a phase reversal) of the collapse Rayleigh wave to that from

its causative explosion, though they differ in size by two or more orders

B
P P TS

of magnitude and are presumably of simllar small spatial source dimen-
slon, supports a source time function difference for their clear separa-
tion. This separation is well observed In the LLL data, particularly in
the collapse sequences of JORUM and HANDLEY, several of which appear in

, Table 1. Rlise-time characteristics of the source time function, as for
spatial source dimension, will introduce another corner on the far-field
displacement spectrum (Haskell, 1964), with a high frequency rolloff slope
dependent on the order of differentiabillty of the rise time functlon.

If explosions are characterized by sharper rise times than earthquakes,
the discriminant can arlse if the time function corners are at lower fre-
quencies for earthquakes and at higher frequzncies for explosions than the
frequencies measured. Such a simple explanation is undoubtedly deficlent,

because the short period-long period discriminant obtains for a range of

S e A T e A = ke




short period frequencies measured (2-5 Hz in this study, and less than
1 Hz at teleseismlc distances). However, baslc d1f/erence, in F-spectra f
are Indicated by the success of short perlod spectral ratios in P-wave

discriminants.

C. Short Period vs. Long Period Trend for Exploslons

Springer and Hannon (1973) have presented data on Pn versus Rayleigh
amplitude for explosions that show a quite linear relationship over three
orders of magnitude, In contrast to the data of Evernden and Filson (1971)
and the theory of Tsai (1972), plus many other studies of explosion seismic
scaling based on Sharpe's (1942) solutlon for a pressure pulse in a spherical
cavity and observed reduced displacement potentlals as in Werth and Herbst
(1963) (a blbliography of such studies can be found in Springer and Han-
on (1973)). Unfortunately our previous work (Evernden, et al, 1971,
McEvilly and Peppin, 1972), presents a plot that could be interpreted
as Indicating a change in slope of the explosion line for M_ below 4.5,

As was polnted out by McEvilly and Peppin (1972), however, the small
exploslons used represented generally those wlth the largest Rayleigh waves
In the magnitude range, frequently readings just at noise levels and pos-
sibly overestimated, biasing the explosion 1lne toward larger Rayleigh

wave values at small magnltudes. The apparent indicatlon of a change in

slope at small magnltudes is an artifact of such bias. In this study

et R TR PP T

such upper bound data points are indicated clearly in Figures 3 to 6.

The explosion data of Mina, Kanab, and Landers were fit by the method

of least squares to the line F

log R=k log P41 b
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where R is the Raylelgh amplitude from Table | and P is either PNMAX from
Table 1 or PN1. The slopes, k, and estimates of thelr standard errors
(Hald, 1952, p. 540) are shown in Table 2, along with the number of data
points, equally weighted, in parentheses. Data from McEvilly and Peppin
(1972) and Springer and Hannon (1973) are Included for comparlson. Noté
that the PNl slope taken from Springer and Hannon (1973) was not pub-

lished by them because thelr data failed to pass a statlstical acceptance
test as being one group. Only the data for the explosions which appear

in Figures 4-6 were included in the respectlve regression analyses. We

note that at all the LLL stations the frequencies at which PNl were measured
were 3-5 Hz (vs 2-4 for PNMAX). The slopes for PNl are smaller than those
for PNMAX, but it is difficult to say if these variations are slgnificant,
despite the relatively small uncertainties on the slopes. If signifi-

cant, the variatlon may be due to either the sllightly different frequencijes
measuv:red, or to the propagation paths, including effects of any systematic
depth-yield linearity. Since the same effect appears in the data of Springer
and Hannon in Table 2, we conclude that these small differences in frequency
content are at least partially responsible for the differences in slope.
Basically, this observation implies that PNMAX increases with increasing

Rayleigh amplitude more si-wly than does PN1, which goes close to 1:1.

We now extrapolate the regresslon lines of Table 2 to larger magni-
tudes in order to consider the large exploslons JCRUM and HANDLEY (Table 1)
which were not used in the regression analysis. |In Table 3 we list the
deviations In standard error units of the JORUM and HANDLEY measurements

from the extrapolated lines. A positive value means that the point lies

e g
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above the extrapolated regression line, i.e., reiativeiy more Rayleigh

wave than predicted by extrapoiation from smailer explosions. Included

in parentheses are the frequencies in Hz at which the phases are measured.

Of the data in Tabie 3, only the PNi measurements at Mina and Kanah.ore
similar in frequency and waveform to the measurements for aii other explo-
sions in Tabie 1. These points fail ciose to the extrapolated regression
iines from smailer explosions. We therefore conclude that simiiariy
measured P, versus Rayleigh wave data for expiosions can be described by
a line of constant siope over almost four orders of magnitude. This is in
agreement with work of Springer and Hannon (i973). It also impiies that
3-5 Hz P waves and 12 second Rayleigh waves have virtually identical scai-
ing reiations to yieid, including any slope changes, over this magnitude

range.

D. A Pecuiiar Nature of NTS Earthquakes?

To expiore the generaiity of the above resuits we apply the P-wave
spectrai theory of Hanks and Wyss (i972) to determine if NTS earthquakes
are anomaicus excitors of surface waves. Dispiacement spectra were
computed for the main Pg phase of four events with high signai-to-noise

ratios (20 to 30 seconds of data, 50 samples per second, i0% cosine taper)

and source parameters were estimated as foliows:

o i
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The quantities above are those defined by Hanks and Wyss (1972).

r— e

The long perlod part of the spectrum of the Pg phase spectrum was estimzied,
along wlth the corner frequency s illustrated in Flgure 7. The radlation
pattern term R6¢’ the denslty p, and the P-velocity o were taken as

0.4, 2.7, and 5.5 x lOscgs, respectively, wlth source parameters Mgs *

and g estlmated as indicated. Results appear in Table 4. The small stress
drops, g , are consistent with those found by NDouglas and Ryall (1972)

for small central Nevada earthquakes. The three exploslon aftershocks

fall on or below the curve log Mo = 1.7 M_ + 5.1 found by Wyss and Brune
(1968) to flt Western U.S. earthquakes, while the natural earthquake of

05 August 1971 (event 30) falls above the curve (relatively more moment

for a given magnitude). According to the theory of Douglas et al, (1971a),
we should expect more excitation of surface waves relative to body waves
for shallower earthquakes. The spectral data of Table &4 imply that NTS
earthqua'.es should generate surface waves relative to thejr magnitude com-
parable to those of other Western U.S. earthquakes. But, since the focal
depths of the NTS events are quite shallow relative to other Western U.S.
earthquakes (Table 1), we cannot conclude from these data that the low
macnitude Py - Rayleigh discriminant documented in Figures 3 to 6 would
obtain at any other Western U.S. test site. Again we point out, however, [
that focal depth may be unimportant; event 31 is small and otherwise not

unlike other events in Figs. 3-6 in splte of Its considerably greater

 E focal depth (Table 1).

Concluslons

The short period-long period, or body wave-surface wave discriminant ji




between explosions and other events on NTS is well-documented down to M| =

3.3, and appears to extend to M, less than 3. Focal depth and spatlal

source vimension seem unlikely as theprime cause of th2 discrimlnant at

small magnitudes, focal mechanism less deflnitely so, and the source time
function seems to be the most likely causal parameter. A plot of log Py
amplitude versus rRayleigh amplltude for exploslons is well descrlbed by a
straight line in the range 3.6 < M_ < %.2, but the slope of the line is a
function of the frequencies measured and of the stations wl2re the measure-
ments are made (values here obtained vary from 1.01 * .045 to 1.32 * .051).
Since NTS events do not appear to be exceptional excitors of surface waves
relative to other Western U.S. earthquakes, these results can be generalized

perhaps to that reglon.
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TARE 1. Dete sa Eveats UDeed

- NOLITVDES
Svent No. Date Type slr.(u)w Lst. (W) Long. (V) Depth (km) 1 PR 1 m:pm lm.:‘m s KIIAW LY Source
10 18 Sep 69 JoRTNM B 14 3000 37°18.9° 116°27.4° 1.2 41000 18000 93000 40000 8.2 ()
2 29 Oct 69 CRURY B 19 3000 37°07.4° 118°07.2° .2 . 4 208 ¥ [1} 328 I m
3 9 Oct ¢9 POD KX 2000 00 37°08.1' 114°08.1° 3 105 320 0 240 179 460 e )
‘ 29 Oce 89 CALAMSE EX 2201 52 37°04.¢' 114%03.8° .9 2800 1920 3.8 ()
H 25 Teb 70 COMARIN  BX 14 20 38 37°02.2° 118°00.0' 4 ! 7% 1200 850 1340 (W4 3}
, 28 Teb 70 YAMNIGAR EX 15 30 00 37°07.0° 114°03.7" 4 %0 8w 600 1400 &8 (1)
i 06 Mar 70 CYATMDS RX 14 24 01 37°01.4° 116°08.3° 3 17 60 o 10 105 180 2 ) ]
: 06 Mar 70 ARABLS EX 150000 37°04.4' 116%02.2° .2 ? 26 23 0» 713 140 1 ()
L 19 Mar 70 JAL X 140) 30 3°00.1° 116°01.4° 2 730 130 0 148 s (n
23 Mar 70 sHAPER Q& 230300 37°03.2' 116°01.3* .3 2700 4200 2300 1300 2000 4000 3.4 () .
:;' : 28 Mar 70 MUDLEY EX 19 00 00 37°18.0° 116°32.0° 1.2 90000 25400 48000 27200 110000 30000 4.2 (1)
¥ 15 May 70 CORNICE RX 13 30 00 37°09.7' 116°02.3° 4 1200 ss0 930 440 1200 4880 3.0 (1
21 May 70 MANZANAS KX 14 00 00 37°01.7° 115°99.8° L] 018 13 4 3
I 21 ey 70 MORROMES KX 14 13 00 37°04.3' 188" b 00 8% 900 1600 600 330 800 1700 3.0 (D
] 13 28 May 70 WUDSOM EX 14 16 00 37°11.0' 116°12.8' 4 % 10 2 1 130 360 2 )
:;, 24 May 70 MASK | 3 13 00 00 137°0¢.8°' 116%93.7° .3 1700 330 2100 4%0 8.2 m
. 28 My 70 X 120003 37.2¢ 116.0° 1 019y 20N s 0 19 (D
! 18 18 Jea 71 DOUDD EX 14 350 00 37° 02,0'  116°00.8' <1 &0 220 S0 100 L2 @
19 23 Jua 71 LAGMA  EX 13 30 00 37°01.3°  116%01.4' <1 120 220 190 1300 300 480 %00 1230 “3 (D
20 28 Jem 71 MARRMELL KX 14 00 00 37° 08.8'  116%04.0° <1 1%0 160 300 160 450 100 360 1240 P P
+
2] 29 Jue 11 X 183000 37* 116* ‘1 300 1720 00 1160 YR E V)
22 22 8ep 71 X 1400 370 116° ol <20 43 13 YY) 1 (D
2 29 Gep 71 PIDERMAL EX 14 00 00 37°00.4° 116°00.4* <1 1o sco 136 720 )
2, 08 Oct 71 CATHAY X 14 3000 37°06.8° 116°02.3° <1 110 200 126 44) 0 10 126 400 “r
23 14 Oct 11, EX 14 30 00 37.2° 116.1° ‘1 1o 3% R B ¢
+
26 30 Wov 71 X 13 4300 37.1° 16.1° 1 <180 184 0 1 <100 88 0 192 T9% IS 1Y
7 19 Apr 72 LONGCHAMPS EX 16 32 00 37°07.3' 114°03.0° vl o 280 0 n 0 12 : 3%0 2 (D
28 23 Ju1 12 EX 13 3000 36.9° 116.0° o <10 24 40 104 10 40 e 214 0 (3
29 26 Sep 72 DELPMINIUM EX 16 30 00 37°07.3° 116003.1' <} 3 o LIU R €3]
30 0% Acz 11 EQ 173818 38°34.9°  111°39.4° 4.4 1040 40 S0 140 1460 114 1300 192 w2 )
n 03 Avg 71 B0 222003 36°33.4' 113343 9.0 e L] a2 2 1 13w
1 18 veb 73 Q10 0 36.9° 116.0° y LI 120 40 18 (0
3 19 Ped 73 Ky 111 36%49.0° 115°33.%* 4.7 7 b 80 40 L0 ]
34 19 Pabd 73 K 14 36.9° 116.0° ? s 2 1y
» 20 Dec 68 XA 20 08 19 37°13.0° 114°30,7° W 14 40 “©lo(e)
j 6 21 Dac 68 EXA 00 14 23 37°13.8° 114°29.3° 1.3 3120 1% 2 1M 800 296 L8 (v
n 22 Dec ¢8 EXA 1810 32 37°14.2° 114°30.4" 4 o % 0 » 320 104 &2 ()
38 06 Jeo 69 EXA 06 34 13 37°14.7° 116°30.%" .2 0 00 00 8 800 214 Lo (8
3 10 Jan 69 EXA 08 08 41 37°10.8° 116°30.8' "1 % 120 20 e (o)
.0 10 Jen 69 EXA 09 81 22 37°10.8' 114°30.9* 2.7 120 4 180 13 4.6 (6)
4l 10 Jeo 69 EXA 17 01 43 37°10.6' 114°30.9° 2.8 128 40 A0 36 L4 (e
42 10 Jeo 69 EXA 17 14 17 32°11.)° 114°30.7° 3.0 Lo H 320 114 4.3 (6)
4 27 Mar 70 EXA 13 43 06 37°18.e° 114*32.8° 3.6 0 7 1y (e
. 16 Sep 69 c 154339 3100 116°27.4° NY 2 e (n)
. 4 16 Sep 69 c 16 23 33 3°18.7° 114°27.3° () % 12 140 29 N1 (m)
" 16 Sep 69 c 173114 3°19.0° M6°27.4° .6(n) 1o 26 220 1 ) (n i
4 18 Sep 89 c 18 13 39.1 37°16.0° 118°22.3" 6(R) 1% 20 STTEETS 2 (n)
Y 24 Mar 70 c o1 1% (SHAPER) 2 4 160 8 100 20 ©2
. 27 Mar 20 c 03 31 (HABDLEY) 200 A 100 <8 8 (» !
30 27 Mar 70 c 16 42 (HANDLEY) R 30 49 620 10 €1 ()
3 27 Mar 70 ¢ 18 08 (HANDLEY) 1000 44 1400 56 %0 88 2 (n
32 27 Mar 70 c 18 18 (HANDLEY) 3200 320 3600 300 1440 800 “s
5 13 May 70 c 13 20 (CORNICE) 0 10 0 112 36 (D
" 08 Oct 71 c 1N (CATHAY) 160 40 140 80 T Y LYY 3
3 23 Jul 12 c 13 3% 1 8 FTRE Y 1L (n
% 26 Sep 12 c 15 23 (DELPHINIUM) 17 <) I 1)
Notee:

® Evente mot plotted in Plgures 1-6.
86 Reatrelned depth
+ Presumed explosloo

Dete Bources

1. Opringer end Kioocames (1971)

2. PDR cerds

3. DJarkeley date

| 4. Tlecher, Pepanek, Rasilton (1972)

3. Tlscher, pereonsl communlcetlon, (1973)
1 8. Memilton, Flecher, Pepenek (1971)

Event type

EX = exploslon
RQ = eerthquake
IXA = explosion efterehock
[ C = collapes

N —

.




Phase

PNMAX

PN 1

MINA

KANAB

-

7

TABLE 2. Regressicn Line Slopes and Standard Errors
of Rayleigh wave versus Pn data Sets

Springer &
Mina Kanab Landers Berkeley Hannon(1973)
1.16+.033(24) 1.14+.040(23) 1.33+.051(19) 1.38+.017(50) 1.51 =
1.15+.040(23) 1.01+.045(19) 1.03+.047(17) 1.36 +
* Combination of four regional stations.
+ Springer, personal communication (1973)
TABLE 3. Deviation in standard error units of the JORUM
and HANDLEY data from the least squares lines of
Table 2.
PN1 PNMAX
JORUM HANDLEY JORUM HANDLEY
1.09(3) 0.448(3) MINA 3.34(1) 3.06(1.3)
------ 0.960(3) KANAB ———— 5.13¢(3)

LANDERS 5.49(1) 3.52(1) LANDERS -0.815(1.3) -0.892(.7)
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Figure

Figure

Figure -

Figure

Figure

Figure

Figure

FIGURE CAPTIONG
Stations of the LLL network (open triangles) and the Berkeley (BRK)
observatory. Distances from NTS in km are shown in brackets.

Broadband displacement sensitivity curves, high gain channels, for
LLL and BRK systems, using Berkeley playback system.

Rayleigh vs. P_ Amplitudes for events recorded at Elko, Nevada.
Cuniforms denote upper 1limlt readings.

Rayleigh vs. P_ Amplitudes for events recorded at Kanab, Utah.
Cuniforms denote upper limit readings.

Rayleigh vs. P_ Amplitudes for events recorded at Landers, California.
Cuniforms denote upper limit readings. 4

Rayleigh vs. P_ Amplitudes for events recorded at Mina, Nevada.
Cuniforms denote upper limit readings.

Examples of Pg displacement spectra for non-explosion events used

for source parameter determination by fitting spectra with solid lines as
shown for corner frequency and DC level. The high frequency spectral
roll-off is as frequency squared.




LAWRENCE LIVERMORE LABORATORY SEISMIC NETWORK
!

—

ELKO (500)
a

\ MINA (230)
| BRK(530) ’

NTS KANAB (430)

.

DISTANCES IN KMS




VOLTS PER MICRON

BROADBAND
MAGNIFICATION
CURVES

7.3 VW/MICRON / SEC

16 V/MICRON/ SEC
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